In recent years, implicit cognition has often been studied by means of the implicit association test (IAT; Greenwald, McGhee, & Schwartz, 1998) . The task requires the sorting of stimuli from four concepts (e.g., flowers, insects, good words, bad words), using just two response options (typically two keys of a computer keyboard), each of which is assigned to two of the four concepts. The assumption is that this sorting task should be easier when the two concepts that share a response option are strongly associated (e.g., when flowers and good words share the same key) than when they are weakly associated (e.g., when insects and good words share the same key).
The IAT consists of seven phases, which in turn are composed of blocks of trials (B#), some of which are just practice tasks. The critical blocks of the IAT involve the simultaneous sorting of stimuli representing four concepts with two response options. Items are provided serially at the center of the screen. In the example above, one critical phase (two blocks, B3 and B4) would provide items representing flowers and good words (e.g., names of flowers, such as tulip and rose, and good words, such as wonderful and glorious) that would receive one response (e.g., the "E" key), and items representing the concepts insects and bad (e.g., names of insects, and words such as terrible and horrible) receive the alternative response (e.g., the "I" key). In the second critical phase (two blocks, B6 and B7), items representing insects and good words are sorted with one response, and items representing flowers and bad words are sorted with the alternative response. Critical phases are typically composed of 60 trials each (20 trials in B3 and B6 and 40 trials in B4 and B7) . The IAT effect vations. In the only four-wave published study, a disattenuated correlation of .68 was observed (Cunningham et al., 2001) . A recent review by Nosek et al. (2006) identified an average correlation of .59 in test-retest analyses, and more recently, Lane, Banaji, Nosek, and Greenwald (2007) reported an average value of .50 across 20 testretest studies. Such correlations tend to decrease slightly as the number of days between the two observations increases. These studies provide a good amount of information on the relationship between a first and second IAT, but they say little (or nothing) about how these effects evolve in more than two successive occasions or why the effect decreases.
In the present longitudinal study, implicit association measures were collected at three successive occasions, with the same participants, by means of the IAT. A formal procedure that belongs to Rasch modeling, the extended logistic model for the assessment of change (ELMAC; Cristante & Robusto, 2007) , was applied. The application of the ELMAC allowed us to estimate parameters at successive occasions that represented the impact of replication on the IAT effect in a period of time. Such parameters were compared in order to verify the existence of statistical differences between IAT replications as the number of days between two applications increased. Moreover, they indicated the tendency of implicit association effects to decrease or increase over time. Fit statistics calculated for each parameter allowed us to verify the validity of the model to the data. The goal of this study was twofold: It analyzed how the IAT effect decreases over subsequent presentations, and it provided evidence of the empirical validity of the ELMAC.
METHOD

Participants and Procedure
Fifty-eight psychology students at the University of Padua, Italy, participated in this study on a voluntary basis. The IAT in the version suggested by Greenwald et al. (2003) was administered on a personal computer (Inquisit software), presenting visual stimuli from sweet food and salty food categories, with the purpose of obtaining measures of preference between the two types of food. A first application of the IAT (Time 1) was followed by a second application (Time 2) after 1 week, and by a third application (Time 3) 1 month after the first. The set of stimuli comprised four categories: 16 pictures of sweet foods, 16 pictures of salty foods, 16 positive words (e.g., marvelous, glorious), and 16 negative words (e.g., terrible, horrible). Participants used separate computer keys to indicate whether each food stimulus was sweet or salty and used the same two keys to indicate whether each word was positive or negative. In half of the critical trials (sweet food stimuli and positive words, Blocks B3 and B4; see Figure 1 ), participants classified sweet food stimuli and positive words on one key and salty food stimuli and negative words on the other key. In the other half (the sweet food stimuli plus negative words, Blocks B6 and B7; see Figure 1) , participants classified salty food stimuli and positive words on one key and sweet food and negative words on the other key. The order of the blocks was counterbalanced. Blocks 1, 2, and 5 were practice trials.
Measures
Response latencies were calculated for the four blocks (B3, B4, B6, B7). In order to analyze the latency data, sweet food stimuli and salty food stimuli were treated separately. For each of the two is computed comparing the performance obtained in the first critical phase with that obtained in the second critical phase. For individuals with stronger associations between flowers and good words, the first sorting task should be much easier than the second. Likewise, respondents who possess stronger associations between insects and good words should find the second sorting task to be easier than the first. The association can be measured both by the speed of responding (faster responding indicates stronger associations) and by the frequency of errors (fewer errors indicates stronger associations). Examples of the IAT procedures can be found at www.projectimplicit.com, and a discussion of main psychometric issues concerning the measure can be found in Nosek et al. (2006) .
The IAT has been used to measure many different constructs, including implicit attitudes, self-esteem, selfconcept, stereotypes, and preferences, in different areas, such as social and cognitive psychology (Fazio & Olson, 2003; Greenwald & Nosek, 2001) , clinical psychology (de Jong, Pasman, Kindt, & van den Hout, 2001; Teachman, Gregg, & Woody, 2001) , developmental psychology (Baron & Banaji, 2006; Dunham, Baron, & Banaji, 2004) , neuroscience (Cunningham et al., 2004; Phelps et al., 2000; Richeson & Nussbaum, 2004) , market research (Maison, Greenwald, & Bruin, 2001) , and health psychology (Teachman, Gapinski, Brownell, Rawlins, & Jeyaram, 2003) . This technique is widely used because it seems to have better psychometric characteristics than its forerunners. For example, Bosson, Swann, and Pennebaker (2000) observed a split-half internal consistency for the self-esteem IAT of r .69, compared with rs of .05 to .28 for other latency-based implicit self-esteem measures. Many researchers have been involved in issues concerning the processes underlying IAT effects (e.g., Mierke & Klauer, 2003; Rothermund & Wentura, 2004) and the effects of procedural features, such as types of stimuli (e.g., De Houwer, 2001; Steffens & Plewe, 2001) , the relationship between implicit and explicit measures (e.g., Hofmann, Gawronski, Gschwendner, Le, & Schmitt, 2005; Nosek, 2005) , and temporal stability of implicit measures (e.g., Blair, 2002; Cunningham et al., 2001; Egloff, Schwerdtfeger, & Schmukle, 2005; Nosek et al., 2006) .
As far as the latter is concerned, studies that are based on the assumption that part of the IAT effect can be attributed to the respondents' expertise can be distinguished into two main categories. In the first one, the comparison of different levels of expertise and an enormous number of Web studies are considered. Greenwald and Nosek (2001) investigated the dependence of the IAT effect on the number of IATs previously taken by means of correlational analyses. The results showed that the IAT effect decreases as the number of IATs previously taken increases. The authors observed a correlation of .15 between the IAT effect and the number of IATs previously taken. The same phenomenon is cited in Nosek, Banaji, and Greenwald (2002) and Greenwald, Nosek, and Banaji (2003) . The second category of studies on the stability of the IAT effect is based on a test-retest approach. Almost all contributions involve only two within-participants obser-study, the sum of the 16 rating-scale measures). According to this interpretation, at each time point, a 0 value indicates the lowest value (in this study, the minimum level of preference), and a value of m corresponds to the highest value (in this study, 32, the maximum level of preference).
The model is
where X vt x is the random sum variable, which in this study takes values equal to 0,1, 2, . . . , 32; v is the person v parameter; and t is the time t parameter, which describes the intensity with which a particular event occurs at time t. In this study, it describes the level of IAT tasks' replication impact. t is the dispersion parameter, and vt is the normalizing factor. In order to demonstrate the appropriateness of the application of the ELMAC in the context of an IAT longitudinal study, it is useful to underline the following aspects. A fundamental aspect is the fact that the ELMAC is based on the idea that one task given to the same person at different occasions in a period of time (e.g., at two successive time points) can be considered a pair of tasks. Any change occurring between testing occasions can be described as being a change of the task parameters, instead of describing change in terms of the person parameters. This central idea is also at the base of a broad class of applications of the linear logistic model (LLM) for measuring change by Fischer (1995) . A comparison between the LLM for measuring change and the ELMAC shows that the matrices in which the models are applied are different. The matrix in which the model by Fischer is developed is participants variables repeatedly observed during a period of time, whereas the ELMAC is inscribed in a matrix of participants time points, where a polytomous single variable is introduced and observed at each time point. In this way, the ELMAC allows a very simple analysis in accordance with the properties of Rasch modeling (Cristante & Robusto, 2007) .
A second, nontrivial aspect is the linear logistic property of the ELMAC. Within such a perspective (which characterizes the Rasch modeling approach), it is possible to construct a time variable, defined in this article as replication impact through time, that is measured according to the rules of fundamental measurement, overcoming in this way the limitations due to the participants' responses' qualitative scaling. Such result is new in the IAT literature and has been hypothesized by some authors (e.g., Embretson, 2006) .
A third aspect that significantly qualifies a longitudinal study is that the ELMAC, due to its Rasch modeling properties, allows not only the ordering of the time parameters on the latent time variable, but also the verifying of the fit of each time point parameter. When the time parameters have a good fit, a constant change due to the effect of test replications is demonstrated. A time parameter's bad fit is evidence of an interruption in the process of change (Fischer, 1995) .
categories, a participants stimuli matrix (58 16) was considered. In the two matrices, each participant was associated to each stimulus by means of a ratio value. The numerator of this ratio was the individual response time to stimuli provided in the food stimulus-negative word condition, and the denominator was the response time to stimuli provided in the food stimulus-positive word condition. In this way, a single preference indicator was devised, which allowed us to measure the implicit preference for each stimulus-that is, a ratio value equal to 1 indicated a preference that was neither positive nor negative. A ratio value lower than 1 indicated a negative implicit preference-that is, a shorter latency characterized the negative condition words. A ratio value higher than 1 indicated a positive implicit preference-that is, a shorter latency characterized the positive condition words. Successively, for all the ratio values in the matrices, two percentile values (P 33 , P 66 ) were calculated, and the ratio values were coded with 0 if the ratio was lower than P 33 (low implicit preference), with 1 if the ratio fell between P 33 and P 66 (intermediate implicit preference), and with 2 if the ratio was higher than P 66 (high implicit preference). In this way, all data were coded according to a threelevel rating scale. In order to apply the ELMAC to the data, we constructed two new matrices-participants time points (the three successive occasions in which the IAT was provided to the participants)-one for sweet food stimuli and the other for salty food stimuli. In each matrix, for each participant and for each time point, we calculated a value corresponding to the sum of the 16 rating-scale measures obtained by each participant. The sum value corresponded to a random variable, which could take values from 0 to 32, where low values indicated an association between food stimuli and negative words (and thus a negative implicit evaluation of the food stimuli) and high values indicated an association between food stimuli and positive words (and thus a positive implicit evaluation of the food stimuli). Separated implicit evaluations for sweet and salty foods were computed. Both matrices were analyzed by means of the ELMAC.
The Model
As explained by Cristante and Robusto (2007) , the ELMAC is inscribed in a persons time points matrix and is devised for the assessment of change-or, in other words, for the assessment of temporal stability or instability of a specific measure. Such an approach allows the definition of three parameters: a person parameter, a time parameter, and a dispersion parameter. The parameters are combined in the model, which is an interpretation of the extended logistic model (Andrich, 1982 (Andrich, , 1985 Andrich & Luo, 2003) .
In the ELMAC, the time parameter describes the intensity with which an event is experienced by persons through time and is located on the latent trait. The time parameter is estimated by taking into consideration a set of measures at successive time points. Such measures (in this study, the 16 stimuli coded on a three-level rating scale) are mapped into a single measure via a sum score (in this In order to verify whether the change from one time point to another is significant, a standard score was calculated for each pair of t values, separately for sweet and salty foods. The results reported in Table 2 show that the preference for sweet foods significantly differs from Time 1 to Time 3 and from Time 2 to Time 3. The implicit preference for salty foods differs significantly from Time 1 to Time 2 and from Time 1 to Time 3. These results support the following remarks:
1. A constant change of the ratio values is observed both for sweet foods and for salty foods; that is, multiple presentations of the IAT influence its effects, and the implicit evaluation of both kinds of foods tends to decrease.
2. Such a change is represented by the increasing of the t parameters from Time 1 to Time 3, which corresponds to the decrement of the sum values. This decrement is due to the temporal instability of the relationship between the latencies of the two critical phases of the IAT (i.e., the positive word condition and the negative word condition).
3. A hypothesis is made that, if the ratio between the positive word condition latency and the negative word condition latency is changing through time (for both sweet and salty foods) due to the respondents' expertise, not only should the latency for the positive word condition decrease through time, but the latency for the negative word condition should diminish significantly as well.
The following analyses were planned with the purpose of verifying the aforementioned hypothesis: In the first analysis, in order to examine the tendency of the response latency to decrease through time, in both the negative and positive word conditions, two matrices were analyzed by means of the ELMAC, separately for sweet foods and salty foods. The matrices were participants time points-one for sweet foods in the two conditions (negative words and positive words) and another for salty foods in the two conditions. In each matrix, for each participant and for each time point (three time points for the negative word condition followed by the three time points for the positive word condition), a value that corresponded to the sum of the 16 stimuli rating-scale measures was calculated. For each stimulus, a rating-scale value was obtained by recoding the response latency measures on the basis of two percentiles (P 33 , P 66 ) calculated on the data of a single matrix that included the two matrices, sweet and salty food. Measures below P 33 were coded 0 (low response latency), measures between P 33 and P 66 were coded 1 (intermediate response latency), and measures above P 66 were coded 2 (high response latency). The sum value corresponded to a random variable, which could take values from 0 (the minimum response latency) to 32 (the maximum response latency). Table 1 shows the t parameters estimated on the ratio values (negative word condition latency on positive word condition latency) for sweet food and for salty food, respectively, at each time point, as well as the standard errors and the corresponding infit and outfit statistics. 1 In order to interpret the results, it is useful to note that the order of the t parameter estimates is opposite the order of the corresponding sum values; that is, the lowest t value corresponds to the highest sum value, which in turn corresponds to the maximum positive level of preference. In Table 1 , both for sweet foods and for salty foods, as the t parameters increase from Time 1 to Time 3, the corresponding sum values decrease through time, denoting a tendency toward a negative implicit preference. This result demonstrates that in the period of time considered, the ratios between latency measures for the positive word condition and those for the negative word condition change. In other words, the relationship between denominator and numerator (i.e., the IAT effect) is not stable. This finding is observed for both sweet foods and salty foods. Figure 2 shows that participants prefer salty foods at Time 1 and sweet foods at Time 2, and that they have basically no preference at Time 3. All the parameters also have satisfactory infit and outfit statistics; in other words, they are congruent with the definition of a latent trait denominated as replication impact on IAT effect through time. condition are always greater than those of the positive condition, at any time point considered. All the t parameters present satisfactory infit and outfit statistics, except for t 1 (N ) for salty foods, showing the existence of a latent trait denominated as replication impact on negative and positive association conditions through time. In order to learn whether the change between time points is significant, a standard score was calculated for each pair of t values, separately for sweet foods and salty foods (see Table 4 ). Table 4 shows that the differences between time points are always significant, with two exceptions out of 12: the differences between Time 2 and Time 3 in the positive word condition. This means that the decrease of latency in the positive word condition ceases after the second replication, whereas in the negative word condition it persists until the last replication. This finding could be evidence of the fact that in the long run, the difference between latencies in the negative and positive word conditions becomes smaller and smaller, thus attenuating the IAT effect. Table 5 provides the differences between parameters of the negative word condition and those of the positive word condition, for both sweet and salty foods, at each time point.
RESULTS
The results show that the positive word condition latency measures are always significantly lower than the negative word condition latencies at each time point. In summary, a constant change in response latency was observed in both negative word and positive word conditions, for sweet foods and for salty foods (Table 3) . Such change demonstrates a decrement of response latency in both conditions; that is, the respondents become faster with the replication of the IAT tasks. Such change is always significant, except in one case (between Time 2 and Time 3, concerning the positive word condition), for both sweet foods and salty foods (Table 4 ). All through the period of time considered, the response latency in the positive word condition is shorter than the response latency in the negative word condition, for both sweet foods and salty foods (Table 5) .
Two separate ELMAC analyses were conducted-one for sweet foods and one for salty foods.
In the second analysis, in order to verify the differences between the time parameters obtained from the two analyses, a number of comparisons between t parameters were planned. First, the comparisons between time parameters of sweet and salty foods in the negative and positive conditions were performed. In both conditions, and for both sweet and salty foods, a response latency decrement through time was hypothesized. Successively, at each time point, comparisons of time parameters in the negative versus positive condition, separately for sweet and salty foods, were performed. Table 3 shows time parameters, standard errors, and fit indexes for the negative word and the positive word conditions, separately for sweet foods and salty foods, at each time point.
Similar to the previous results, and in order to interpret them, it is useful to remember that the order of the t parameter estimates is opposite that of the corresponding sum values; that is, the lowest t parameter estimate corresponds to the highest sum value, which in turn corresponds to the highest latency measure. In Table 3 , for both sweet and salty foods, the t parameters increase from Time 1 to Time 3, in both the negative and positive conditions, showing not only that the response latency decreases from Time 1 to Time 3, but also that latencies of the negative time considered, whereas the positive word condition latency reaches its minimum value at the second replication (Figure 3) . In other words, it was observed that whereas participants constantly enhance their performance (i.e., get faster) in the negative word condition, their maximum performance in the positive word condition is reached at Time 2. As a result, latencies of the two critical conditions get closer over time, and the IAT effect decreases.
In this study, although a constant decrease of the negative word condition latency is observed, the response latency for the positive word condition, considered at each time point, is always shorter than the latency for the negative word condition, showing an association between foods and positive words. There may be two consequences of this difference in the evolution of performance that could be profitably investigated in future research. According to a first hypothesis, latencies of the negative word condition keep decreasing until they equal those of the positive word condition. In such a scenario, considering the trend observed in this study, the IAT effect should disappear in fewer than a dozen successive presentations. An alternative possibility is that after a smaller number of presentations, latencies of the negative word condition stop decreasing (due to a kind of floor effect of participants' performance). Consequences of this scenario are much more encouraging for the IAT, since if the effect holds over time, it might also be considered reliable, due to a stabilization of participants' performances at the tasks. Both consequences would be of great importance in the interpretation of the IAT's test-retest reliability.
Concerning the latent trait analyses conducted in this study by means of the ELMAC, the results support the definition of latent traits that describe the impact of the replication of IAT tasks over a period of time. These reIn other words, although the latency in the negative word condition diminishes through time, the latency in the positive word condition is always shorter, showing a constant preference for the positive word condition for both sweet foods and salty foods.
REMARKS
The main purpose of the present investigation was to address a recurring question regarding the stability of the IAT effect when its tasks are replicated on different occasions during a period of time with the same participants. In this perspective, examination of previous research showed that IAT effects decrease over time. This effect was known; Greenwald and Nosek's (2001) and many other studies confirmed a low test-retest reliability of the IAT. Lane et al. (2007) recently reported an average test-retest correlation of only .50 across 20 studies. Yet, these studies say little about how and why the effect decreases or what happens when measurement occasions exceed two. Such knowledge might be useful in adequately interpreting the IAT effects and might suggest how to improve the procedure's reliability. This phenomenon was investigated by means of the ELMAC. A latent trait model was chosen with the purpose of obtaining time parameter estimates independent of a particular population and located on a latent trait.
Fifty-eight university psychology students participated in a three-wave study in which the IAT (Greenwald et al., 2003) was provided a first time, then a week later, and then a month after the first time. A constant change of the ratio value between latencies of the negative and the positive words, for both sweet and salty foods, was observed. This result suggests that an impact of replication on the IAT effect takes place in the period of time considered, as expected on the basis of previous research on the topic. Exploring the data further, it was observed that such a change was represented by the decrement of the ratio values, showing a temporal instability of the relationship between latencies of the negative and positive word conditions. Then it was argued that if expertise is at the basis of this effect, decrements in both the positive and negative word conditions' latencies should be expected, due to the respondents' familiarity with the test procedure. The results support this prediction. Indeed, a significant decrease is observed for both negative and positive word conditions and for both sweet and salty foods. The data we obtained also revealed that the negative word condition latency decreases significantly through the period of 
